Introduction
Photolithography using shorter wavelengths of light must be devised to get fine iinages [1] . F2 exeimer laser (157 nm) lithography is recently considered a post-193 nm candidate technology. Since conventional resist materials used for 248 or 193 nm lithography strongly absorb 157 nm light, they can't be used as resist materials based on solution development.
Surface imaging process is an important technology for VUV lithography because, for the surface imaging system, photoreactions are required to take place at the film surface and the transparency of the resist films to the irradiation light is not important. Recently we have reported a plasma-developable photoresist system using photoinduced acid-catalyzed polysiloxane formation at the irradiated surface [2] . Several types of polymers which can generate sulfonic acid units on irradiation with 248 nm or 193 nm light have been prepared and applied to the surface imaging system.
However, polymers which can generate sulfonic acids on irradiation with lights shorter than 193 nm are not reported. In this paper we report the photoinduced generation of sulfonic acids from the polymers bearing imino sulfonate or N-hydroxyimide sulfonate units on irradiation with 146 nm light using Kr2 exeimer lamp.
Experimental 2.1 Materials
Propylideneiniino p-styrenesulfonate (PISS), 1,2,3,4-tetrahydronaphtylideneimino p-styrenesulfonate (HISS) and 9-fluorenylideneimino pstyrenesulfonate (FISS) were prepared according to the reported method [3] . p-Styrenesulfonyloxy-5 -norbornene-2, 3 -dicarboxyimide (SSNI) was synthesized as follows. Triethylamine (5.5 g, 0.054 mol) as catalyst was added to a cold ( < 0 °C ) solution of 1,2-dimethoxyethane (120 ml) containing N-hydroxy-5-norbornene-2,3dicarboxyimide ( 8.1 g, 0.045 mol ) and pstyrenesulfonyl chloride (11.5 g , 0.045 mol ) under nitrogen.
The reaction was continued below 5°C for 2 hr, followed by the reaction at room temperature for 3 hr.
The reaction mixture was poured into 41 of ice-cold water and the precipitates were separated by filtration.
The residue was washed with water thoroughly. The product was recrystallized twice from 2-butanone yield 31.5 %, mp 121-123 °C, IR (KBr) ;1740 and 1800 cm' ( v C=0 ) , 1180, 1200 and 1400 cm 1 ( v 502 ) . p-Styrenesulfonyloxysuccinimide (SSSI) and p-styrenesulfonyloxyphthalimide (SSPI) were prepared according to the described method from corresponding Nhydroxyimide and p-styrenesulfonyl chloride. Polymers were prepared by radical copolymerization of corresponding monomers using azobis(isobutyronitrile) as initiator at 60 °C. Methyl methacrylate (MMA) and t-butyl methacrylate (TBMA) were used after distillation. Composition of polymers was determined by measuring 'H-NMR or UV absorption spectra of the polymers.
Method
Sample films were prepared by spin-coating cyclohexanone solutions onto quartz plates or silicon wafers.
Film thickness was adjusted to J. Photopol ym. Sci. Tedhnol., Vo1.12, No. 5, 1999 0.1-0.2 ii m. The films were irradiated at 146 nm at room temperature under nitrogen using a Kr2 excimer lamp (USHIO: UER20H-146V).
The distance between samples and the lamp was 3 cm. Light intensity was about 3 mW/cm2.
A lowpressure Hg lamp was also used. Photolysis of the polymers was studied with reflection absorption infrared spectroscopy using linearly polarized light.
Results and Discussion
Although copolymers used in this study were soluble in cyclohexanone, the copolymers of MMA and SSSI was insoluble in cyclohexanone. Thermal decomposition temperatures (Td) of the copolymers were observed to be 124-225 °C, depending on the polymer structure.
Fractions of imino sulfonate and N-hydroxyimide sulfonate units in the copolymer were 12-32 mol%.
It has been reported that when polymers with imino sulfonate or N-hydroxyimide sulfonate units were irradiated at 254 or 193 urn, the cleavage of -N-Obonds and subsequent hydrogen abstraction leads to the formation of sulfonic acid units in the side chain (Scheme 1) [3,41 . Upon 146 nm irradiation of NISS(18)-MMA film, the absorbance around 250 nm due to imino sulfonate units decreased as shown in Fig. 1 .
This change is similar to that observed for 254 nm irradiation. The Therefore, the photoreaction of these polymers by 146 nm light is similar to that reported for 254 and 193 nm lights. When NISS(18)-MMA film was irradiated at 146 nm, the peaks at 1375, 1197 and 1180 cm (v SOZ) decreased, suggesting the decomposition of imino sulfonate units.
The same change was observed for other polymers with imino sulfonate units (Fig. 2) .
Upon irradiation of polymers Imino sulfonate units seemed to decompose faster than Nhydroxyimide sulfonate units.
The photogenerated acids have been quantified by using bleaching of dyes [6] or change of fluorescence intensity of dyes [7] . These methods were not convenient to the present study because very thin film (0.1-0.2 u m) was used. To confirm the acid generation in the film, the acid-catalyzed polysiloxane formation technique was used.
The methodology is as follows. If the irradiated film surface containing acids is exposed to the vapor of methyltrimethoxysilane hydrolyzed to generate to silanol which results in the formation of polysiloxanes by the polycondensation reactions [8I.
Acids are essentially important for the polysiloxane formation.
No polysiloxanes can be formed in the absence of acids.
The amount of sulfonic acids can be qualitatively estimated by the amount of formed polysiloxanes which can be determined by the absorbance at 1 150 cm' (Si-O-Si).
Ii CH SI(OC2H5) + 1.511 HJ0 ~h Polysiloxanes + 3n C2H5
The amount of polysiloxanes generated on the surface of SSSI(32)-TBMA, SSNI(21)-TBMA and SSPI(29)-TBMA films increased with irradiation time, passed through the maximum, and decreased for longer irradiation (Fig. 4) .
A similar result was obtained for the films of PISS(12)-MMA, NISS(18)-MMA and FISS(15)-TBMA. The generation of acids by 146 nm irradiation was confirmed by the formation of polysiloxanes. The reduced polysiloxane formation at prolonged irradiation suggests the photochemical decomposition of the sulfonic acid units.
Poly(cyclohexyl p-styrencsulfonate) (PCHSS) was reported to thermally de impose to form polyp-styrenesulfonic acid) [9] . When the PCHSS film baked at 120 °C for 2 min was irradiated at 146 nm, the peaks at 1035 and 1008 vv verrurruuer SGrrl J cm' (-SO3H) decreased with irradiation time (Fig. 5 ). When the baked PCHSS film was exposed to the vapor of MTEOS, the amount of polysiloxanes generated at the film surface decreased with irradiation time.
It was concluded that polymers with imino sulfonate and N-hydroxyimide sulfonate units generated sulfonic acids on irradiation at 146 rim. MMA or TBMA units were photolyzed simultaneously.
Sulfonic acid units generated in polymer film could be photolyzed by prolonged irradiation with 146 nm light. The irradiated film was exposed to the vapor of MTEOS for 10 min. 
